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NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** ^ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electolyte for lithium secondary batteries which the vinyl ethylene carbonate 
compound shown by the vinylene carbonate compound and/or the following general formula (II) with 
which lithium salt is the nonaqueous electolyte for rechargeable batteries dissolved in the non-aqueous 
solvent, and this non-aqueous solvent is indicated to be to the non-aqueous solvent containing (a) 
annular carboxylate, the (b) carbonate, and (c) phosphoric ester by the following general formula (I) is 
added, and is characterized by the bird clapper. 
[Formula 1] 




(Rl and R2 express independently a hydrogen atom or the alkyl group of carbon numbers 1-4 among a 
formula, respectively) [Formula 2] 




Y 

O 

(R3, R4, R5, R6, R7, and R8 express independently a hydrogen atom or the alkyl group of carbon 
numbers 1-4 among a formula, respectively) 

[Claim 2] The lithium secondary battery which is characterized by providing the following and which it 
dissolves in a non-aqueous solvent, and the compound of a formula (I) and/or the compound of a 
formula (II) are further added by the non-aqueous solvent, and is characterized by the bird clapper. The 
positive electrode containing the compound which can emit [ occlusion and ] a lithium. The negative 
electrode which was chosen from the carbonaceous object or compound which can emit [ occlusion 
and ] a lithium, the lithium metal, and the lithium alloy and which contains a kind at least, the lithium 
secondary battery with which lithium salt was equipped with the nonaqueous electolyte which it comes 
to dissolve in a non-aqueous solvent at least - setting - lithium salt - (a) annular carboxylate, the (b) 
carbonate, and (c) phosphoric ester 

[Claim 3] The lithium secondary battery according to claim 2 with which a non-aqueous solvent consists 
of the following composition. 

(a) 44 to annular carboxylate 90 capacity % (b) carbonate 1 - 45 capacity % (c) phosphoric ester 9 - 55 
capacity % (however, the rate of each component receives the total quantity of a component (a), (b), and 
(c)) 

[Claim 4] The lithium secondary battery according to claim 2 or 3 whose addition of the compound of a 
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formula (I ) and the compound of a formul a ffl)_is 0. 1 - 10% of the weight of the total quantity with the 
" compound of a nonaqueous electolyte and a formula (I) by which lithium salt was dissolved in the non- 
aqueous solvent, and the compound of a formula (II). 

[Claim 5] A lithium secondary battery given in the claim 2 as which an annular carboxylate is chosen 
from gamma-butyrolactone, gamma- valerolactone, gamma-caprolactone, gamma-OKUTANO lactone, 
beta-butyrolactone, delta- valerolactone, and epsilon-caprolactone and which is a kind at least, or any 1 
term of 4. 

[Claim 6] The lithium secondary battery according to claim 2 to 5 with which a carbonate is chosen 
from an ethylene carbonate, a propylene carbonate, a carbonic acid butylene, a dimethyl carbonate, 
diethyl carbonate, a carbonic acid G n-propyl, a carbonic acid diisopropyl, methylethyl carbonate, a 
methyl carbonate-n-propyl, a methyl carbonate isopropyl, an ethyl-carbonate-n-propyl, an ethyl- 
carbonate isopropyl, and a carbonic acid-n-propyl isopropyl and which is a kind at least. 
[Claim 7] The lithium secondary battery according to claim 2 to 6 which is the compound shown by the 
compound or the following general formula (IV) in which phosphoric ester is shown by the following 
general formula (III). 
[Formula 3] 

(R9, RIO, and Rl 1 express independently among a formula the alkyl group which may be replaced with 
the fluorine of carbon numbers 1-4, respectively.) However, the sum totals of the carbon number of R9 
RIO, and Rll are 3-7. 
[Formula 4] 

R12Q -V (IV) 



(Rl2 expresses among a formula the alkyl group which may be replaced with the fluorine of carbon 

numbers 1-4, and Rl3 expresses the alkylene machine of carbon numbers 2-8) 

[Claim 8] The lithium secondary battery according to claim 2 to 7 which is organic-acid lithium salt 

lithium salt is indicated to be by LiPF6, LiBF4, or the following general formula (V) 

[Formula 5] 

^SOaCnFjiHl 
S0 2 C m F 2lm1 

(m and n express the integer of 1-4 independently among a formula, respectively) 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lithium secondary battery 
which used a nonaqueous electolyte and it. It is related with the lithium secondary battery using the 
nonaqueous electolyte and it by which the non-aqueous solvent containing an annular carboxylate, a 
carbonate, and phosphoric ester comes to add a specific vinylene carbonate compound and/or a specific 
specific vinyl ethylene carbonate compound in detail. The electrolytic solution of this invention is a very 
high thing of safety which has fire retardancy (self-extinguishing) and has high conductivity and high 
electrochemical stability and by which the catabolic rate at the time of pyrolysis of a cell (exoergic 
speed, pressure-buildup speed) was suppressed with the outstanding cell charge-and-discharge property 
about the rechargeable battery which used this electrolytic solution. 
[0002] 

[Description of the Prior Art] The lithium secondary battery were using carbon materials, such as a 
graphite, as a negative-electrode active material, and using the lithium transition-metals multiple oxide 
of LiCo02, LiNi02, and LiMn204 grade as a positive active material is growing rapidly as a small new 
rechargeable battery which has 4V class high voltage and high-energy density. Generally as for such a 
lithium secondary battery, what dissolved lithium salt is used for the organic solvent which comes to 
mix the dimethyl carbonate which is a hypoviscosity solvent, diethyl carbonate, etc. to high dielectric 
constant solvents, such as an ethylene carbonate and a propylene carbonate, as the electrolytic solution. 
The lithium secondary battery using these organic nonaqueous electrolyte has the danger of carrying out 
ignition combustion, when the electrolytic solution is revealed for the pressure buildup in the interior of 
the cell by breakage or a certain cause of a cell. 

[0003] Then, a flameproofing agent is blended with organic nonaqueous electrolyte, and research which 
gives fire retardancy is advanced energetically. As the fire-resistant electrolytic solution for lithium 
cells, it is well-known to use phosphoric ester. For example, using 0=P (OR)3 type phosphoric ester like 
trimethyl phosphate, phosphoric-acid triethyl, tributyl phosphate, and phosphoric-acid tris (2-chloro 
ethyl) for JP,58-206078,A, JP,60-23973,A, JP,6 1-227377, A, JP,61-284070,A, and JP,4-184870,A is 
indicated. Furthermore, a piece is a halogenation alkyl even if JP,8-88023,A has little above R. The 
electrolytic solution which has self-extinguishing is indicated. However, although the electrolytic 
solution which blended trimethyl phosphate among the phosphoric ester used for these discovers the 
outstanding fire retardancy, it has the fault which reduction decomposition is easy to be carried out 
depending on the quality of the material of a negative electrode. Therefore, when increasing the loadings 
to the electrolytic solution or using a natural graphite and an artificial graphite as a negative electrode, 
the charge-and-discharge property, for example, the charge-and-discharge efficiency, and service 
capacity of a cell do not satisfy the property demanded recently. 

[0004] Moreover, the phosphoric ester which has a halogen atom like chlorine or a bromine in a 
molecule is inferior in anti-oxidation reducing, and when it applies to 4 Class V rechargeable battery 
which generates the high voltage, a cell with sufficient charge-and-discharge property is not obtained. 
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^Eurthermore^theasolatio^ 
aluminum used as a positive-electrode current collection pair corrode, and becomes the cause of 
degrading a cell property. Moreover, the electrolytic solution for lithium cells to which using cyclic- 
phosphoric-acid ester as the electrolytic solution is indicated, and it uses together this cyclic-phosphoric- 
acid ester 20 - 55 capacity % with an annular carbonate to JP,1 1-67267, A further is indicated by JP,4- 
184870, A quoted previously. However, in order to carry out flameproofing of the electrolytic solution of 
this system, it is necessary to blend the cyclic-phosphoric-acid ester more than 20 capacity %, and there 
is a fault that conductivity falls, with increase of loadings. 

[0005] On the other hand, by using phosphoric ester together with a vinylene carbonate derivative or a 
specific annular carbonate, it is fire retardancy and it is indicated by JP,1 1-260401, A and JP,2000- 
12080, A that a charge-and-discharge property is improved. However, at the time of the misuse and 
abuse of a lithium secondary battery, the case where the cell itself reaches an elevated-temperature state 
by an internal short circuit, an external short circuit, etc. of the case where a cell is put on the bottom of 
elevated-temperature atmosphere, and a cell can be considered, and it is suggested that the pyrolysis 
reaction of a cell occurs. In the electrolytic solution which uses as the main solvent an ethylene 
carbonate which is proposed until now, a propylene carbonate, a dimethyl carbonate, diethyl carbonate, 
etc., when a cell is put on an elevated-temperature state 100 degrees C or more, possibility that very big 
generation of heat, cracked gas, etc. will occur is suggested, and it is anxious for the fire-resistant 
electrolytic solution by which cell pyrolysis speed was suppressed from a viewpoint which improves the 
safety of a cell. 
[0006] 

[Problem(s) to be Solved by the Invention] Its conductivity is high and it tends to offer the lithium 
secondary battery with which it excelled in the charge-and-discharge property, and pyrolysis speed was 
suppressed at the time of pyrolysis of a cell and which combines safety and reliability using the stable 
electrolytic solution for lithium secondary batteries, and this also electrochemically while this invention 
is made in order to solve this trouble, and it gives fire retardancy (self-extinguishing) to the electrolytic 
solution. 
[0007] 

[Means for Solving the Problem] This invention persons by dissolving the lithium salt of a solute in the 
specific non-aqueous solvent containing specific phosphoric ester, as a result of inquiring 
wholeheartedly in view of this situation, and adding the annular carbonate compound of specific 
structure In the rechargeable battery which used this electrolytic solution while the electrolytic solution 
which has fire retardancy (self-extinguishing) and was excellent in conductivity and electrochemical 
stability was obtained It finds out that the very high rechargeable battery of safety with which the 
catabolic rate at the time of pyrolysis of a cell (exoergic speed, pressure-buildup speed) was suppressed 
with the outstanding cell charge-and-discharge property is realizable, and came to complete this 
invention. 

[0008] That is, the summary of this invention is a nonaqueous electolyte for lithium secondary batteries 
[0009] which the vinyl ethylene carbonate compound shown by the vinylene carbonate compound 
and/or the following general formula (II) with which 1. lithium salt is the nonaqueous electolyte for 
rechargeable batteries dissolved in the non-aqueous solvent, and this non-aqueous solvent is indicated to 
be to the non-aqueous solvent containing (a) annular carboxylate, the (b) carbonate, and (c) phosphoric 
ester by the following general formula (I) is added, and is characterized by the bird clapper. 
[Formula 6] 

Q CD 

T 

[0010] [(Rl and R2 express independently a hydrogen atom or the alkyl group of carbon numbers 1-4 
among a formula, respectively) 0011] 
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_[Eormula_7.]_ 

Y 



[0012] (R3, R4, R5, R6, R7, and R8 express independently a hydrogen atom or the alkyl group of 
carbon numbers 1-4 among a formula, respectively) 

[0013] 2. Positive Electrode Containing Compound Which Can Emit [ Occlusion and ] Lithium, and 
Negative Electrode Which was Chosen from Carbonaceous Object or Compound Which Can Emit 
[ Occlusion and ] Lithium, Lithium Metal, and Lithium Alloy and Which Contains Kind at Least, In the 
lithium secondary battery with which lithium salt was equipped with the nonaqueous electolyte which it 
comes to dissolve in a non-aqueous solvent at least It dissolves in the non-aqueous solvent in which 
lithium salt contains (a) annular carboxylate, the (b) carbonate, and (c) phosphoric ester, and is in the 
lithium secondary battery which the compound of a formula (I) and/or the compound of a formula (II) 
are further added by the non-aqueous solvent, and is characterized by the bird clapper. 
[0014] Moreover, it is desirable that a non-aqueous solvent is a non-aqueous solvent which contains the 
(a) annular carboxylate 44 - 90 capacity %, the (b) carbonate 1 - 45 capacity %, and (c) phosphoric ester 
9-55 capacity % to the total quantity of the (a) component, the (b) component, and the (c) component. 
Furthermore, it is desirable that a kind of addition of the vinylene carbonate compound of the formula (I) 
added and the vinyl ethylene carbonate compound of a formula (II) is 0. 1 - 10% of the weight of the 
total quantity of the compound of the nonaqueous electolyte by which lithium salt was dissolved in the 
non-aqueous solvent, a formula (I), and a formula (II) at least. 
[0015] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. 
(Nonaqueous electolyte) The non-aqueous solvent used for the nonaqueous electolyte of this invention 
contains (a) annular carboxylate, the (b) carbonate, and (c) phosphoric ester. Especially about an annular 
carboxylate (a), although not limited, as the example, epsilon-lactone like a beta propiolactone, dimethyl 
propiolactone, beta-lactone like beta-butyrolactone, gamma-butyrolactone, gamma-valerolactone, 
gamma-caprolactone, gamma-KAPURIRO lactone, gamma-RAURO lactone, gamma-lactone like 
gamma-PARUMITO lactone, delta- valerolactone, delta-lactone like delta-caprolactone, and epsilon- 
caprolactone etc. is mentioned, for example. Gamma-butyrolactone, gamma-valerolactone, delta- 
valerolactone, and epsilon-caprolactone are desirable in these. In addition, these are independent, or two 
or more sorts may be mixed and they may be used. 

[0016] Although not especially limited about a carbonate (b), as the example, the carbonate of the shape 
of a chain, such as an ethylene carbonate, a propylene carbonate, an annular carbonate like a carbonic 
acid butylene, a dimethyl carbonate, diethyl carbonate, a carbonic acid G n-propyl, a carbonic acid 
diisopropyl, methylethyl carbonate, a methyl carbonate-n-propyl, a methyl carbonate isopropyl, an 
ethyl-carbonate-n-propyl, an ethyl-carbonate isopropyl, and a carbonic acid-n-propyl isopropyl, is 
mentioned, for example. Also in these, an ethylene carbonate, a propylene carbonate, a dimethyl 
carbonate, diethyl carbonate, and methylethyl carbonate are desirable, and especially an annular 
carbonate is still more desirable. In addition, these are independent, or two or more sorts may be mixed 
and they may be used. Moreover, although especially limitation is not carried out about phosphoric 
ester, either, the compound shown by the compound shown by the formula (III) or the formula (IV) is 
desirable. 
[0017] 
[Formula 8] 

a ii (nr) 
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[O'OTg] (R9, RIO, and Rl 1 express independently among a formula the alkyl group which may be 
replaced with the fluorine of carbon numbers 1-4, respectively.) However, the sum totals of the carbon 
number of R9, RIO, and Rl 1 are 3-7. 
[0019] 
[Formula 9] 

">A," an 



[0020] (R12 expresses among a formula the alkyl group which may be replaced with the fluorine of 
carbon numbers 1-4, and R13 expresses the alkylene machine of carbon numbers 2-8) 
[0021] In a formula (III), R9, R10, and Rl 1 express independently the alkyl group replaced with the 
alkyl group or fluorine of a straight chain or the letter of branching of carbon numbers 1-4, respectively 
however, the sum total of the carbon number of R9, R10, and Rl 1 - 3-7 ~ it is 4-6 preferably And when 
R9, R10, and Rl 1 are alkyl groups, as the example, a methyl group, an ethyl group, a propyl group, and 
a butyl can be mentioned, for example. Moreover, when R9, R10, and Rl 1 are fluorine substitution alkyl 
groups, as the example, a truffe RUORO ethyl group, a pentafluoro propyl group, a hexafluoro isopropyl 
machine, and a heptafluoro butyl can be mentioned. 

[0022] And as an example of the phosphoric ester of a formula (III), trimethyl phosphate, phosphoric- 
acid tnethyl, phosphoric-acid dimethyl ethyl, a phosphoric-acid dimethyl propyl, phosphoric-acid 
dimethyl butyl, a phosphoric-acid diethyl methyl, a phosphoric-acid dipropyl methyl, a phosphoric-acid 
dibutyl methyl, a phosphoric-acid methylethyl propyl, phosphoric-acid methylethyl butyl, phosphoric- 
acid methylpropyl butyl, etc. are mentioned, for example, moreover, as an example of fluorine 
substitution phosphoric ester For example, a phosphoric-acid truffe RUORO ethyl dimethyl, a 
phosphoric-acid pentafluoro propyl dimethyl, Phosphoric-acid heptafluoro buthyldimethyl a 
phosphoric-acid truffe RUORO ethyl methylethyl, A phosphoric-acid pentafluoro propyl methylethyl a 
phosphonc-acid heptafluoro butyl methylethyl, Phosphoric-acid truffe RUORO ethyl methylpropyl a 
phosphoric-acid pentafluoro propylmethyl propyl, Phosphoric-acid heptafluoro butyl methylpropyl ' 
phosphoric-acid TORIFURUORO ethyl methyl butyl, Phosphoric-acid pentafluoro propylmethyl butyl 
phosphonc-acid heptafluoro butyl methyl butyl, A phosphoric-acid truffe RUORO ethyl diethyl a 
phosphonc-acid pentafluoro propyl diethyl, A phosphoric-acid heptafluoro butyl diethyl, a phosphoric- 
acid TORIFURUORO ethyl ethyl propyl, A phosphoric-acid pentafluoro propylethyl propyl, a 
phosphonc-acid heptafluoro butyl ethyl propyl, Phosphoric-acid TORIFURUORO ethyl ethyl butyl 
phosphoric-acid pentafluoro propylethyl butyl, Phosphoric-acid heptafluoro butyl ethyl butyl a 
phosphonc-acid truffe RUORO ethyl dipropyl, A phosphoric-acid pentafluoro propyl dipropyl a 
phosphonc-acid heptafluoro butyl dipropyl, Phosphoric-acid TORIFURUORO ethyl propyl butyl 
phosphonc-acid pentafluoro propyl propyl butyl, Phosphoric-acid heptafluoro butyl propyl butyl a 
phosphonc-acid truffe RUORO ethyl dibutyl, a phosphoric-acid pentafluoro propyl dibutyl a ' 
phosphonc-acid heptafluoro butyl dibutyl, etc. are mentioned. Also in these, trimethyl phosphate 
phosphonc-acid tnethyl, phosphoric-acid dimethyl ethyl, A phosphoric-acid dimethyl propyl a ' 
phosphonc-acid methyl diethyl, a phosphoric-acid truffe RUORO ethyl dimethyl, A phosphoric-acid 
pentafluoro propyl dimethyl, a phosphoric-acid truffe RUORO ethyl methylethyl, A phosphoric-acid 
pentafluoro propyl methylethyl, phosphoric-acid truffe RUORO ethyl methylpropyl, A phosphoric-acid 
pentafluoro propylmethyl propyl is desirable, and trimethyl phosphate, phosphoric-acid dimethyl ethyl 
phosphonc-acid dimethyl propyl, phosphoric-acid methyl diethyl, and phosphoric-acid truffe RUORO ' 
ethyl dimethyl ** is especially desirable. In addition, these are independent, or two or more sorts may be 
mixed and they may be used. 

[0023] a formula (IV) - setting - R12 - carbon numbers 1-4 - desirable - the shape of a straight chain 
and the letter of branching of 1-2 - desirable - straight chain-like an alkyl group or a fluorine 
substitution alkyl group - an alkyl group is expressed preferably As the example, a methyl group an 
ethyl group, a propyl group, a butyl, a truffe RUORO ethyl group, a pentafluoro propyl group a 
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-Aex^QiQAsQWoyyLmaichine^and a heptafluoro butyl are mentioned^for -example. A methyl group and 
an ethyl group are desirable in these. R13 [ moreover, ] -- carbon numbers 2-8 -- desirable -- the shape 
of a straight chain and the letter of branching of 2-3 ~ the alkylene machine of the shape of a straight 
chain of a carbon number 2 is expressed still more preferably As the example, ethylene, propylene 
machine, trimethylene machine, butylene machine, tetramethylen machine, 1, and 1 -dimethyl ethylene, a 
pentamethylene machine, 1 and 1, 2-trimethylethylene machine, a hexamethylene machine, a 
tetramethyl ethylene, a heptamethylene machine, an octamethylene machine, etc. are mentioned, for 
example. An ethylene is desirable in these. 

[0024] And R13 is an ethylene in the compound of a formula (IV), and the basis as which R12 is chosen 
from a methyl group, an ethyl group, and a truffe RUORO ethyl group is desirable. 
[0025] and as an example of the annular phosphoric ester of a formula (IV) in which R12 is an alkyl 
group A phosphoric-acid ethylene methyl, phosphoric-acid ethylene ethyl, a phosphoric-acid ethylene-n- 
propyl, A phosphoric-acid ethylene isopropyl, phosphoric-acid ethylene-n-butyl, phosphoric-acid 
ethylene-sec-butyl, Phosphoric-acid ethylene-t-butyl, a phosphoric-acid propylene methyl, phosphoric- 
acid propylene ethyl, A phosphoric-acid propylene-n-propyl, a phosphoric-acid propylene isopropyl, 
Phosphoric-acid propylene-n-butyl, phosphoric-acid propylene-sec-butyl, Phosphoric-acid propylene-t- 
butyl, a phosphoric-acid trimethylene methyl, phosphoric-acid trimethylene ethyl, A phosphoric-acid 
trimethylene-n-propyl, a phosphoric-acid trimethylene isopropyl, Phosphoric-acid trimethylene-n-butyl, 
phosphoric-acid trimethylene-sec-butyl, Phosphoric-acid trimethylene-t-butyl, a phosphoric-acid 
butylene methyl, phosphoric-acid butylene ethyl, A phosphoric-acid butylene-n-propyl, a phosphoric- 
acid butylene isopropyl, phosphoric-acid butylene-n-butyl, Phosphoric-acid butylene-sec-butyl, 
phosphoric-acid butylene-t-butyl, a phosphoric-acid isobutylene methyl, Phosphoric-acid isobutylene 
ethyl, phosphoric-acid isobutylene-n-butyl, phosphoric-acid isobutylene-sec-butyl, Phosphoric-acid 
isobutylene-t-butyl, a phosphoric-acid tetrapod MEREN methyl, phosphoric-acid tetramethylen ethyl, A 
phosphoric-acid tetramethylen-n-propyl, a phosphoric-acid tetramethylen isopropyl, Phosphoric-acid 
tetramethylen-n-butyl, phosphoric-acid tetramethylen-sec-butyl, Phosphoric-acid tetramethylen-t-butyl, 
a phosphoric-acid pentamethylene methyl, Phosphoric-acid pentamethylene ethyl, a phosphoric-acid 
pentamethylene-n-propyl, A phosphoric-acid pentamethylene isopropyl, phosphoric-acid 
pentamethylene-n-butyl, Phosphoric-acid pentamethylene-sec-butyl, phosphoric-acid pentamethylene-t- 
butyl, A phosphoric-acid trimethylethylene methyl, phosphoric-acid trimethylethylene ethyl, A 
phosphoric-acid trimethylethylene-n-propyl, a phosphoric-acid trimethylethylene isopropyl, Phosphoric- 
acid trimethylethylene-n-butyl, phosphoric-acid trimethylethylene-sec-butyl, Phosphoric-acid 
trimethylethylene-t-butyl, a phosphoric-acid hexamethylene methyl, Phosphoric-acid hexamethylene 
ethyl, a phosphoric-acid hexamethylene-n-propyl, A phosphoric-acid hexamethylene isopropyl, 
phosphoric-acid hexamethylene-n-butyl, Phosphoric-acid hexamethylene-sec-butyl, phosphoric-acid 
hexamethylene-t-butyl, A phosphoric-acid tetramethyl ethylene methyl, phosphoric-acid tetramethyl 
ethylene ethyl, A phosphoric-acid tetramethyl ethylene-n-propyl, a phosphoric-acid tetramethyl ethylene 
isopropyl, Phosphoric-acid tetramethyl ethylene-n-butyl, phosphoric-acid tetramethyl ethylene-sec- 
butyl, Phosphoric-acid tetramethyl ethylene-t-butyl, a phosphoric-acid heptamethylene methyl, 
Phosphoric-acid heptamethylene ethyl, a phosphoric-acid heptamethylene-n-propyl, A phosphoric-acid 
heptamethylene isopropyl, phosphoric-acid heptamethylene-n-butyl, Phosphoric-acid heptamethylene- 
sec-butyl, phosphoric-acid heptamethylene-t-butyl, A phosphoric-acid octamethylene methyl, 
phosphoric-acid octamethylene ethyl, a phosphoric-acid octamethylene-n-propyl, A phosphoric-acid 
octamethylene isopropyl, phosphoric-acid octamethylene-n-butyl, phosphoric-acid octamethylene-sec- 
butyl, phosphoric-acid octamethylene-t-butyl, etc. are mentioned. Especially, a phosphoric-acid ethylene 
methyl and phosphoric-acid ethylene ethyl are desirable. 

[0026] moreover, as an example of the fluorine substitution cyclic-phosphoric-acid ester of a formula 
(IV) in which R12 is a fluorine substitution alkyl group For example, phosphoric-acid ethylene truffe 
RUORO ethyl, a phosphoric-acid ethylene pentafluoro propyl, A phosphoric-acid ethylene hexafluoro 
isopropyl, phosphoric-acid ethylene heptafluoro butyl, Phosphoric-acid propylene truffe RUORO ethyl, 
a phosphoric-acid propylene pentafluoro propyl, A phosphoric-acid propylene hexafluoro isopropyl, 
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phosphoric-acid propylene heptafluoro buM^PhospJioric-acicl trimethvlene.truffe RU QRO.ethyl ; _ fl 

"phosphoric-adci trimethylene pentafluoro propyl, A phosphoric-acid trimethylene hexafluoro isopropyl, 
phosphonc-acid trimethylene heptafluoro butyl, Phosphoric-acid butylene truffe RUORO ethyl, a 
phosphoric-acid butylene pentafluoro propyl, A phosphoric-acid butylene hexafluoro isopropyl,' 
phosphonc-acid butylene heptafluoro butyl, Phosphoric-acid tetramethylen truffe RUORO ethyl, a 
phosphoric-acid tetramethylen pentafluoro propyl, A phosphoric-acid tetramethylen hexafluoro ' 
isopropyl, phosphoric-acid tetramethylen heptafluoro butyl, Phosphoric-acid dimethyl ECHIRENTORI 
fluoro ethyl, a phosphoric-acid dimethyl ethylene pentafluoro propyl, A phosphoric-acid dimethyl 
ethylene hexafluoro isopropyl, phosphoric-acid dimethyl ethylene heptafluoro butyl, Phosphoric-acid 
pentamethylene truffe RUORO ethyl, a phosphoric-acid pentamethylene pentafluoro propyl, A 
phosphoric-acid pentamethylene hexafluoro isopropyl, phosphoric-acid pentamethylene heptafluoro 
butyl, Phosphoric-acid trimethylethylene truffe RUORO ethyl, a phosphoric-acid trimethylethylene 
pentafluoro propyl, A phosphoric-acid trimethylethylene hexafluoro isopropyl, phosphoric-acid 
trimethylethylene heptafluoro butyl, Phosphoric-acid hexamethylene truffe RUORO ethyl, a phosphoric- 
acid hexamethylene pentafluoro propyl, A phosphoric-acid hexamethylene hexafluoro isopropyl, 
phosphonc-acid hexamethylene heptafluoro butyl, Phosphoric-acid tetramethyl ECHIRENTORI fluoro 
ethyl, a phosphoric-acid tetramethyl ethylene pentafluoro propyl, A phosphoric-acid tetramethyl 
ethylene hexafluoro isopropyl, phosphoric-acid tetramethyl ethylene heptafluoro butyl, Phosphoric-acid 
heptamethylene truffe RUORO ethyl, a phosphoric-acid heptamethylene pentafluoro propyl, A 
phosphonc-acid heptamethylene hexafluoro isopropyl, phosphoric-acid heptamethylene heptafluoro 
butyl, Phosphonc-acid octamethylene truffe RUORO ethyl, a phosphoric-acid octamethylene 
pentafluoro propyl, a phosphoric-acid octamethylene hexafluoro isopropyl, phosphoric-acid 
octamethylene heptafluoro butyl, etc. are mentioned. Especially, phosphoric-acid ethylene truffe 
RUORO ethyl is desirable. 

[0027] The non-aqueous solvent used by this invention becomes essential from (a), (b), and the (c) 
component preferably. The rate of each component in a non-aqueous solvent receives the total quantity 
ol the (a) component, the (b) component, and the (c) component, (a) » component: - 44 - 90 capacity % 
- desirable - 45 - 85 capacity % - further - desirable - 45 - 80 capacity % - it is -;(b) component- 1 - 
45 capacity % - desirable - five to 45 capacity % - further - desirable - ten to 45 capacity % - it is - 
(c) component:9 - 55 capacity % - desirable - 15 - 55 capacity % - it is 15 - 50 capacity % still more ' 
preferably In addition, in the above-mentioned capacity factor, the value measured at 25 degrees C is 
used as a volume ratio of each component. Moreover, the value which heated to the melting point and 
was measured in the state of melting is used for a solid thing at a room temperature like an ethylene 
carbonate In addition to (a), (above-mentioned b), and the above-mentioned (c) component, the organic 
solvent of others which are conventionally known as the electrolytic solution for lithium secondary 
battenes can also be mixed and used in the range which does not spoil the feature of this invention As 
being chosen out of the vinylene carbonate compound of a formula (I), and the vinyl ethylene carbonate 
compound of a formula (II), a kind is added by the non-aqueous solvent used by this invention as it is 
tew. 

[0028] 

[Formula 101 

"W 

r\ en 
Y 

[0029] [(Rl and R2 express independently a hydrogen atom or the alkyl group of carbon numbers 1-4 
among a formula, respectively) 0030] 
[Formula 11] 
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<n> 



[0031] (R3 5 R4, R5, R6, R7, and R8 express independently a hydrogen atom or the alkyl group of 
carbon numbers 1-4 among a formula, respectively) 

[0032] In a formula (I) 5 Rl and R2 express independently a hydrogen atom or the alkyl group of carbon 
numbers 1-4, respectively. When Rl and R2 are the alkyl groups of carbon numbers 1-4, as the example, 
a methyl group, an ethyl group, n-propyl group, i-propyl group, n-butyl, a sec-butyl, and a tert-butyl are 
mentioned. A methyl group and an ethyl group are desirable in these. And as an example of a vinylene 
carbonate compound expressed with such a general formula (I), vinylene carbonate, 4-methyl vinylene 
carbonate, 4-ethyl vinylene carbonate, 4, 5-dimethyl vinylene carbonate, 4, 5-diethyl vinylene carbonate, 
4-methyl-5-ethyl vinylene carbonate, etc. can be mentioned. Especially, vinylene carbonate, 4-methyl 
vinylene carbonate, and 4-ethyl vinylene carbonate are desirable, and especially vinylene carbonate is 
desirable. 

[0033] In a formula (II), R3, R4, R5, R6, R7, and R8 express independently a hydrogen atom, the alkyl 
group of carbon numbers 1-4, or the alkyl group of the letter of branching, respectively. When R3, R4, 
R5, R6, R7, and R8 are the alkyl group of carbon numbers 1-4, or the alkyl group of the letter of 
branching, as the example, a methyl group, an ethyl group, n-propyl group, i-propyl group, n-butyl, a 
sec-butyl, and a tert-butyl are mentioned. A methyl group and an ethyl group are desirable in these. And 
as an example of a vinyl ethylene carbonate compound expressed with such a general formula (II), 4- 
vinyl ethylene carbonate, 4-vinyl-4-methyl-ethylene carbonate, 4-vinyl-4~ethyl ethylene carbonate, 4- 
vinyl-4-n-propyl ethylene carbonate, 4-vinyl-5-methyl-ethylene carbonate, 4-vinyl-5-ethyl ethylene 
carbonate, 4-vinyl-5-n-propyl ethylene carbonate, etc. can be mentioned. 

[0034] Especially, 4-vinyl ethylene carbonate and 4-vinyl-4-methyl-ethylene carbonate are desirable, 
and especially 4-vinyl ethylene carbonate is desirable. You may mix two or more sorts of these. At least, 
preferably, a kind of addition chosen from the vinylene carbonate compound of the formula (I) used by 
this invention and the vinyl ethylene carbonate compound of a formula (II) is 0. 1 - 10 % of the weight, 
and 0.5 - 7 % of the weight is desirable [ an addition / based on the total quantity of the compound of the 
above-mentioned non-aqueous solvent, a formula (I), and a formula (II), it is 0.1 - 10 % of the weight, 
and ] especially still more preferably. It is effective in improving the charge-and-discharge property 
(charge-and-discharge efficiency, charge-and-discharge capacity) of the cell produced in case this non- 
aqueous solvent is used to add such a vinylene carbonate compound and a vinyl ethylene carbonate 
compound to this non-aqueous solvent. Moreover, as lithium salt of a solute, the organic-acid lithium 
salt shown by the inorganic-acid lithium salt or the aforementioned general formula (V) of LiPF6 and 
LiBF4 can be used. 
[0035] 

[Formula 12] 

[0036] (m and n express the integer of 1 -4 independently among a formula, respectively) 

As organic-acid lithium salt of a formula (V), LiN (S02CF3)2, LiN (S02C2F5)2, UN (S02C3F7)2, 

UN (S02C4F9)2, LiN(S02CF3) - (S02C2F5), LiN(S02CF3) - (S02C3F7), LiN(S02CF3) - 

(S02C4F9), LiN(S02C2F5) - (S02C3F7), LiN(S02C2F5) - (S02C4F9), LiN(S02C3F7) - (S02C4F9), 

etc. are mentioned. LiN (S02CF3)2, LiN (S02C2F5)2, and LiN(S02CF3) - (S02C4F9) are desirable in 

these. 

[0037] In this invention, the reason for dissolving and using the inorganic-acid lithium salt of LiPF6 and 
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— LiBE4 or4he-organic-ac^ 
for obtaining the cell excellent in charge-and-discharge capacity and the charge-and-discharge cycle 
property while obtaining high conductivity and the electrochemically excellent electrolytic solution, 
again — this lithium salt — the solute concentration in the electrolytic solution — usually — 0.5 - 2 
mol/dm3 ~ it is used so that it may become 0.5 - 1.5 mol/dm3 preferably 0. Since the conductivity of the 
electrolytic solution falls in the range exceeding less than three 5 mol/dm or 2 mol/cm3, it is not 
desirable. 

[0038] (Lithium secondary battery) The lithium secondary battery of this invention is constituted 
including the electrolytic solution, and an above-mentioned negative electrode and an above-mentioned 
positive electrode. As a negative-electrode material which constitutes a cell, the alloy of the graphite 
which can emit [ occlusion and ] a lithium, a nongraphitizing carbon and an amorphous carbon or a 
lithium metal and a lithium, and metals, such as aluminum, tin, zinc, silver, and lead, etc. can be used. 
Two or more kinds may be mixed and such negative-electrode material may be used. The configuration 
of a negative electrode has the usable pellet electrode which performed the sheet electrode and press 
forming which were applied to the charge collector, after mixing with a binder and an electric 
conduction agent if needed. The quality of the material of the charge collector for negative electrodes 
has the point of metals, such as copper, nickel, and stainless steel, being used and being easy to process 
it into a thin film in these, and the point of cost to desirable copper foil. 

[0039] As a positive-electrode material which constitutes a cell, the material which can emit [ occlusion 
and ] lithiums, such as lithium transition-metals multiple-oxide material, such as a lithium manganic 
acid ghost, a lithium cobalt oxide, and a lithium nickel oxide, is usable, and the aforementioned lithium 
transition-metals multiple oxide is desirable. Especially the configuration of a positive electrode has the 
usable pellet electrode which performed the sheet electrode and press forming which were applied to the 
charge collector, after not being limited and mixing [ for example, ] with a binder and an electric 
conduction agent if needed. As for the quality of the material of a positive-electrode charge collector, 
metals, such as aluminum, titanium, and a tantalum, or the alloy of those is used. In these, since 
especially aluminum or its alloy is lightweight, it is desirable in respect of an energy density. 
[0040] The configuration of a cell has well-known usable things, such as a coin type which carried out 
the laminating of the cylinder type, pellet electrode, and separator of the inside-out configuration which 
combined the cylinder type, pellet electrode, and separator which made a sheet electrode and separator 
the shape of a spiral. As separator which constitutes a cell, a porous sheet or a nonwoven fabric etc. 
which uses polyolefmes, such as polyethylene and polypropylene, as a raw material is usable. 
[0041] 

[Example] Hereafter, although an example explains this invention still more concretely, this invention is 
not restrained by these examples unless the summary is exceeded. In addition, the following methods 
estimated the performance and cell performance of the electrolytic solution. 
[0042] 1. Self-extinguishing evaluation of the electrolytic solution : the glass fiber filter paper of the 
shape of a strip of paper with width of face of 1 5mm, a length [ of 300mm ], and a thickness of 0. 1 9mm 
was dipped in the beaker containing the electrolytic solution more than for 10 minutes, and the 
electrolytic solution was fully infiltrated into the glass fiber filter paper. Next, after removing the 
superfluous electrolytic solution adhering to the glass fiber filter paper on the edge of a beaker, it was 
hung to the perpendicular on both sides of the end of a glass fiber filter paper with a clip, the existence 
of the self-extinguishing in the state where heated for about 3 seconds with the small gas flame of 
writers, and the fire source was removed from this soffit ~ and time until it extinguishes the fire was 
measured 

[0043] 2. Measurement of the conductivity of the electrolytic solution : the conductivity in 25 degrees C 
was measured using conductivity meter CM-30S and electric conductivity cell CG-51 IB by Toa 
Electronics, Ltd. 

[0044] 3. The measurement :<production of negative electrode> negative electrode of a cell charge-and- 
discharge property was produced as follows. To the carbon material as a negative-electrode active 
material, after having mixed the fluororesin as a binder by the ratio of the weight ratio 90:10, making the 
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solvent (N-methyl pyrrolidone) distribute this and considering as a slurry, a double spre ad is carried nut 
to the copper foil as a charge collector, it was dried, and the negative-electrode sheet was obtained. The 
obtained negative-electrode sheet was cut in width of face of 20mm, and length of 150mm, and it 
considered as the negative electrode. 

[0045] The production of positive electrode> positive electrode was produced as follows. Mixed the 
acetylene black as an electric conduction agent, and the fluororesin as a binder by the weight ratio 
90:5:5, and carry out the double spread of what N-methyl pyrrolidone was made to distribute this and 
was made into the slurry to the aluminum foil as a positive-electrode charge collector, the lithium cobalt 
oxide (LiCo02) as a positive active material was made to dry it, and the positive-electrode sheet was 
obtained. The obtained positive-electrode sheet was cut in width of face of 20mm, and length of 150mm, 
and it considered as the positive electrode. 

[0046] The electrode terminal was attached in the negative electrode which is the production of cell> 
above, and was made and obtained, and the positive electrode, respectively, it wound through the 
separator of a porous polypropylene film with a width of face [ of 25mm ], and a length of 200mm, and 
the element for cell charge-and-discharge characterization was produced. After holding this element in 
the sealing cell with an electrode terminal under dryness argon atmosphere and pouring in this 
nonaqueous electrolyte, the airtightness in a cell was held. Charge was performed by the 4.2V or 50mA 
constant-current constant-potential charge method, and when 8 hours passed, it considered as the end 
Electric discharge was performed by the 10mA constant current, and when voltage amounted to 2.5V, it 
considered as the end. The charge-and-discharge property was measured by this charge-and-discharge 
cycle. Thus, the battery discharge capacity of the produced element is about 50 mAh(s). 
[0047] 4. After holding the element for cell charge-and-discharge characterization which is the 
measurement:<production of charge cell> above of the thermal stability (pyrolysis speed) of a cell, and 
was made and obtained in the sealing cell with an electrode terminal under dryness argon atmosphere 
and pouring in this nonaqueous electrolyte, the airtightness in a cell was held. Charge was performed by 
the 4.2V or 50mA constant-current constant-potential charge method, when 8 hours passed, it 
considered as the end, electric discharge was performed by the 10mA constant current, and'when 
voltage amounted to 2.5V, it considered as the end. After repeating this charge-and-discharge cycle 
twice, it ended by 4.2V final voltage, and the cell element of a charge state was produced. Thus the 
charge capacity of the produced cell element is about 50 mAh(s). 

[0048] Measurement of Measurement of cell thermal stability> cell thermal stability The charge cell 
element obtained as mentioned above under dryness argon atmosphere Hold in a predetermined high- 
pressure sealing cell (proof pressure of 105x1 05Pa), and an elevated-temperature high-pressure 
calorimeter ( Radex-solo made from SYSTAG) is used. The exoergic speed in pyrolysis process and 
pressure-buildup speed of a cell when carrying out the temperature up of the 25-300-degree C 
temperature requirement by the programming rate 1 degree C/m were measured, and the thermal 
stability (pyrolysis speed) of a cell was measured. 

[0049] The solute and additive which are shown in the 1st table were dissolved in the non-drainage 
system mixed solvent shown in examples 1-1 1 and the example 1 of comparison - the 3 1st table and 
solute concentration prepared the electrolytic solution of 1 mol/dm3. Next, the self-extinguishing (fire 
retardancy) and the conductivity of this electrolytic solution were measured. Furthermore, the cylindrical 
cell element which used LiCo02 for the positive active material for the artificial graphite was produced 
as a negative-electrode active material, and the thermal stability of charge-and-discharge capacity and a 
eel was measured using the electrolytic solution shown in the 1st table. The result is shown in the 1st 
table. Moreover, the result of the thermal stability (exoergic temperature and pressure variation) of 
d ^"g 1 md a char g e ce » element is shown for the result of the first time charge-and-discharge curve 
of the cylindrical cell element produced using the electrolytic solution of an example 1 in drawing 2 
[0050] In addition, the cable address of front Naka shows the following. 

GBL -- trimethyl phosphate EDMP .phosphoric-acid dimethyl ethyl PDMP:phosphoric-acid dimethyl 

propyl BDMP: - a phosphoric acid ~ dimethyl butyl DEMP:phosphoric-acid diethyl methyl 

EEP :phosphoric-acid ethylene ~ ethyl VC :vinylene carbonate VEC :4-vinyl ethylene carbonate ■ - 
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gamma-butyrolactone GVL : gamma-valerolactone ECL : epsilon-caprolactone EC : Emvlene.carhonate, 

PC-.-Propylene-carbonate DECTDiethyl carbonate TMP : [0051] 
[Table 1] 
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[0052] 

[Effect of the Invention] this invention - the electrolytic solution for lithium secondary batteries of this 
i;*? h * S a . sm f Py rol y sis s Pf d at time of pyrolysis of a cell, and safety and its reliability are 
f™l W^^^ng) **d acquiring a good charge-and-discharge cycle 

property - does the outstanding characteristic effect so. 

[Translation done.] _ 
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j NOTICES *_ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the lithium secondary battery 
which used a nonaqueous electolyte and it. It is related with the lithium secondary battery using the 
nonaqueous electolyte and it by which the non-aqueous solvent containing an annular carboxylate, a 
carbonate, and phosphoric ester comes to add a specific vinylene carbonate compound and/or a specific 
specific vinyl ethylene carbonate compound in detail. The electrolytic solution of this invention is a very 
high thing of safety which has fire retardancy (self-extinguishing) and has high conductivity and high 
electrochemical stability and by which the catabolic rate at the time of pyrolysis of a cell (exoergic 
speed, pressure-buildup speed) was suppressed with the outstanding cell charge-and-discharge property 
about the rechargeable battery which used this electrolytic solution. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The lithium secondary battery were using carbon materials, such as a 
graphite, as a negative-electrode active material, and using the lithium transition-metals multiple oxide 
of LiCo02, LiNi02, and LiMn204 grade as a positive active material is growing rapidly as a small new 
rechargeable battery which has 4V class high voltage and high-energy density. Generally as for such a 
lithium secondary battery, what dissolved lithium salt is used for the organic solvent which comes to 
mix the dimethyl carbonate which is a hypoviscosity solvent, diethyl carbonate, etc. to high dielectric 
constant solvents, such as an ethylene carbonate and a propylene carbonate, as the electrolytic solution. 
The lithium secondary battery using these organic nonaqueous electrolyte has the danger of carrying out 
ignition combustion, when the electrolytic solution is revealed for the pressure buildup in the interior of 
the cell by breakage or a certain cause of a cell. 

[0003] Then, a flameproofing agent is blended with organic nonaqueous electrolyte, and research which 
gives fire retardancy is advanced energetically. As the fire-resistant electrolytic solution for lithium - 
cells, it is well-known to use phosphoric ester. For example, using 0=P (OR)3 type phosphoric ester like 
trimethyl phosphate, phosphoric-acid triethyl, tributyl phosphate, and phosphoric-acid tris (2-chloro 
ethyl) for JP,58-206078,A, JP,60-23973,A, JP,61-227377,A, JP,61-284070,A, and JP,4-184870,A is 
indicated. Furthermore, a piece is a halogenation alkyl even if JP,8-88023,A has little above R. The 
electrolytic solution which has self-extinguishing is indicated. However, although the electrolytic 
solution which blended trimethyl phosphate among the phosphoric ester used for these discovers the 
outstanding fire retardancy, it has the fault which reduction decomposition is easy to be carried out 
depending on the quality of the material of a negative electrode. Therefore, when increasing the loadings 
to the electrolytic solution or using a natural graphite and an artificial graphite as a negative electrode, 
the charge-and-discharge property, for example, the charge-and-discharge efficiency, and service 
capacity of a cell do not satisfy the property demanded recently. 

[0004] Moreover, the phosphoric ester which has a halogen atom like chlorine or a bromine in a 
molecule is inferior in anti-oxidation reducing, and when it applies to 4 Class V rechargeable battery 
which generates the high voltage, a cell with sufficient charge-and-discharge property is not obtained. 
Furthermore, the isolation halogen ion of the minute amount which exists as an impurity makes the 
aluminum used as a positive-electrode current collection pair corrode, and becomes the cause of 
degrading a cell property. Moreover, the electrolytic solution for lithium cells to which using annular 
phosphoric ester as the electrolytic solution is indicated, and it uses together this annular phosphoric 
ester 20 - 55 capacity % with an annular carbonate to JP,1 1-67267,A further is indicated by JP,4- 
184870, A quoted previously. However, in order to carry out flameproofing of the electrolytic solution of 
this system, it is necessary to blend the annular phosphoric ester more than 20 capacity %, and there is a 
fault that conductivity falls, with increase of loadings. 

[0005] On the other hand, by using phosphoric ester together with a vinylene carbonate derivative or a 
specific annular carbonate, it is fire retardancy and it is indicated by JP,1 1-260401, A and JP,2000- 
12080, A that a charge-and-discharge property is improved. However, at the time of the misuse and 
abuse of a lithium secondary battery, the case where the cell itself reaches an elevated-temperature state 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/14/2003 



Page 2 of 2 



,by-an-intemaLshortxirc^ 

elevated-temperature atmosphere, and a cell can be considered, and it is suggested that the pyrolysis 
reaction of a cell occurs. In the electrolytic solution which uses as the main solvent an ethylene 
carbonate which is proposed until now, a propylene carbonate, a dimethyl carbonate, diethyl carbonate, 
etc., when a cell is put on an elevated-temperature state 100 degrees C or more, possibility that very big 
generation of heat, cracked gas, etc. will occur is suggested, and it is anxious for the fire-resistant 
electrolytic solution by which cell pyrolysis speed was suppressed from a viewpoint which improves the 
safety of a cell. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] this invention the electrolytic solution for lithium secondary batteries of this 
invention has a small pyrolysis speed at the time of pyrolysis of a cell, and safety and its reliability are 
high while having fire retardancy (self-extinguishing) and acquiring a good charge-and-discharge cycle 
property - does the outstanding characteristic effect so. 



[Translation done.] 
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2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Its conductivity is high and it tends to offer the lithium 
secondary battery with which it excelled in the charge-and-discharge property, and pyrolysis speed was 
suppressed at the time of pyrolysis of a cell and which combines safety and reliability using the stable 
electrolytic solution for lithium secondary batteries, and this also electrochemically while this invention 
is made in order to solve this trouble, and it gives fire retardancy (self-extinguishing) to the electrolytic 
solution. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] This invention persons by dissolving the lithium salt of a solute in the 
specific non-aqueous solvent containing specific phosphoric ester, as a result of inquiring 
wholeheartedly in view of this situation, and adding the annular carbonate compound of specific 
structure In the rechargeable battery which used this electrolytic solution while the electrolytic solution 
which has fire retardancy (self-extinguishing) and was excellent in conductivity and electrochemical 
stability was obtained It finds out that the very high rechargeable battery of safety with which the 
catabolic rate at the time of pyrolysis of a cell (exoergic speed, pressure-buildup speed) was suppressed 
with the outstanding cell charge-and-discharge property is realizable, and came to complete this 
invention. 

[0008] That is, the summary of this invention is a nonaqueous electolyte for lithium secondary batteries 
which the vinyl ethylene carbonate compound shown by the vinylene carbonate compound and/or the 
following general formula (II) with which 1. lithium salt is the nonaqueous electolyte for rechargeable 
batteries dissolved in the non-aqueous solvent, and this non-aqueous solvent is indicated to be to the 
non-aqueous solvent containing (a) annular carboxylate, the (b) carbonate, and (c) phosphoric ester by 
the following general formula (I) is added, and is characterized by the bird clapper. [0009] 
[Formula 6] 
r 1 R 2 




[0010] (Rl and R2 express independently a hydrogen atom or the alkyl group of carbon numbers 1-4 
among a formula, respectively) [001 1 ] 
[Formula 7] 




Y 



<n) 



[0012] (R3, R4, R5, R6, R7, and R8 express independently a hydrogen atom or the alkyl group of 
carbon numbers 1-4 among a formula, respectively) 

[0013] 2. Positive Electrode Containing Compound Which Can Emit [ Occlusion and ] Lithium, and 
Negative Electrode Which was Chosen from Carbonaceous Object or Compound Which Can Emit 
[ Occlusion and ] Lithium, Lithium Metal, and Lithium Alloy and Which Contains Kind at Least, In the 
lithium secondary battery with which lithium salt was equipped with the nonaqueous electolyte which it 
comes to dissolve in a non-aqueous solvent at least It dissolves in the non-aqueous solvent in which 
lithium salt contains (a) annular carboxylate, the (b) carbonate, and (c) phosphoric ester, and is in the 
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are further added by the non-aqueous solvent, and is characterized by the bird clapper. 
[0014] Moreover, it is desirable that a non-aqueous solvent is a non-aqueous solvent which contains the 
(a) annular carboxylate 44 - 90 capacity %, the (b) carbonate 1 - 45 capacity %, and (c) phosphoric ester 
9 - 55 capacity % to the total quantity of the (a) component, the (b) component, and the (c) component. 
Furthermore, it is desirable that a kind of addition of the vinylene carbonate compound of the formula (I) 
added and the vinyl ethylene carbonate compound of a formula (II) is 0.1 - 10% of the weight of the 
total quantity of the compound of the nonaqueous electolyte by which lithium salt was dissolved in the 
non-aqueous solvent, a formula (I), and a formula (II) at least. 
[0015] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. 
(Nonaqueous electolyte) The non-aqueous solvent used for the nonaqueous electolyte of this invention 
contains (a) annular carboxylate, the (b) carbonate, and (c) phosphoric ester. Especially about an annular 
carboxylate (a), although not limited, as the example, epsilon-lactone like a beta propiolactone, dimethyl 
propiolactone, beta-lactone like beta-butyrolactone, gamma-butyrolactone, gamma-valerolactone, 
gamma-caprolactone, gamma-KAPURIRO lactone, gamma-RAURO lactone, gamma-lactone like 
gamma-PARUMITO lactone, delta-valerolactone, delta-lactone like delta-caprolactone, and epsilon- 
caprolactone etc. is mentioned, for example. Gamma-butyrolactone, gamma-valerolactone, delta- 
valerolactone, and epsilon-caprolactone are desirable in these. In addition, these are independent, or two 
or more sorts may be mixed and they may be used. 

[0016] Although not especially limited about a carbonate (b), as the example, the carbonate of the shape 
of a chain, such as an ethylene carbonate, a propylene carbonate, an annular carbonate like a carbonic 
acid butylene, a dimethyl carbonate, diethyl carbonate, a carbonic acid G n-propyl, a carbonic acid 
diisopropyl, methylethyl carbonate, a methyl carbonate-n-propyl, a methyl carbonate isopropyl, an 
ethyl-carbonate-n-propyl, an ethyl-carbonate isopropyl, and a carbonic acid-n-propyl isopropyl, is 
mentioned, for example. Also in these, an ethylene carbonate, a propylene carbonate, a dimethyl 
carbonate, diethyl carbonate, and methylethyl carbonate are desirable, and especially an annular 
carbonate is still more desirable. In addition, these are independent, or two or more sorts may be mixed 
and they may be used. Moreover, although especially limitation is not carried out about phosphoric 
ester, either, the compound shown by the compound shown by the formula (III) or the formula (IV) is 
desirable. 
[0017] 
[Formula 8] 

[0018] (R9, R10, and Rl 1 express independently among a formula the alkyl group which may be 
replaced with the fluorine of carbon numbers 1-4, respectively.) However, the sum totals of the carbon 
number of R9, R10, and Rl 1 are 3-7. 
[0019] 
[Formula 9] 

RB ^Ai S aw 



[0020] (Rl2 expresses among a formula the alkyl group which may be replaced with the fluorine of 
carbon numbers 1-4, and Rl3 expresses the alkylene machine of carbon numbers 2-8) 
[0021] In a formula (III), R9, R10, and Rl 1 express independently the alkyl group replaced with the 
alkyl group or fluorine of a straight chain or the letter of branching of carbon numbers 1-4, respectively, 
however, the sum total of the carbon number of R9, R10, and Rl 1 - 3-7 - it is 4-6 preferably And when 
R9, R10, and Rl 1 are alkyl groups, as the example, a methyl group, an ethyl group, a propyl group, and 
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groups, as the example, a truffe RUORO ethyl group, a pentafluoro propyl group, a hexafluoro isopropyl 
machine, and a heptafluoro butyl can be mentioned. 

[0022] And as an example of the phosphoric ester of a formula (III), trimethyl phosphate, phosphoric- 
acid triethyl, phosphoric-acid dimethyl ethyl, a phosphoric-acid dimethyl propyl, phosphoric-acid 
dimethyl butyl, a phosphoric-acid diethyl methyl, a phosphoric-acid dipropyl methyl, a phosphoric-acid 
dibutyl methyl, a phosphoric-acid methylethyl propyl, phosphoric-acid methylethyl butyl, phosphoric- 
acid methylpropyl butyl, etc. are mentioned, for example, moreover, as an example of fluorine 
substitution phosphoric ester For example, a phosphoric-acid truffe RUORO ethyl dimethyl, a 
phosphoric-acid pentafluoro propyl dimethyl, Phosphoric-acid heptafluoro buthyldimethyl, a 
phosphoric-acid truffe RUORO ethyl methylethyl, A phosphoric-acid pentafluoro propyl methylethyl, a 
phosphoric-acid heptafluoro butyl methylethyl, Phosphoric-acid truffe RUORO ethyl methylpropyl, a 
phosphoric-acid pentafluoro propylmethyl propyl, Phosphoric-acid heptafluoro butyl methylpropyl, 
phosphoric-acid TORIFURUORO ethyl methyl butyl, Phosphoric-acid pentafluoro propylmethyl butyl, 
phosphoric-acid heptafluoro butyl methyl butyl, A phosphoric-acid truffe RUORO ethyl diethyl, a 
phosphoric-acid pentafluoro propyl diethyl, A phosphoric-acid heptafluoro butyl diethyl, a phosphoric- 
acid TORIFURUORO ethyl ethyl propyl, A phosphoric-acid pentafluoro propylethyl propyl, a 
phosphoric-acid heptafluoro butyl ethyl propyl, Phosphoric-acid TORIFURUORO ethyl ethyl butyl, 
phosphoric-acid pentafluoro propylethyl butyl, Phosphoric-acid heptafluoro butyl ethyl butyl, a 
phosphoric-acid truffe RUORO ethyl dipropyl, A phosphoric-acid pentafluoro propyl dipropyl, a 
phosphoric-acid heptafluoro butyl dipropyl, Phosphoric-acid TORIFURUORO ethyl propyl butyl, 
phosphoric-acid pentafluoro propyl propyl butyl, Phosphoric-acid heptafluoro butyl propyl butyl, a 
phosphoric-acid truffe RUORO ethyl dibutyl, a phosphoric-acid pentafluoro propyl dibutyl, a 
phosphoric-acid heptafluoro butyl dibutyl, etc. are mentioned. Also in these, trimethyl phosphate, 
phosphoric-acid triethyl, phosphoric-acid dimethyl ethyl, A phosphoric-acid dimethyl propyl, a 
phosphoric-acid methyl diethyl, a phosphoric-acid truffe RUORO ethyl dimethyl, A phosphoric-acid 
pentafluoro propyl dimethyl, a phosphoric-acid truffe RUORO ethyl methylethyl, A phosphoric-acid 
pentafluoro propyl methylethyl, phosphoric-acid truffe RUORO ethyl methylpropyl, A phosphoric-acid 
pentafluoro propylmethyl propyl is desirable, and trimethyl phosphate, phosphoric-acid dimethyl ethyl, 
phosphoric-acid dimethyl propyl, phosphoric-acid methyl diethyl, and phosphoric-acid truffe RUORO 
ethyl dimethyl ** is especially desirable. In addition, these are independent, or two or more sorts may be 
mixed and they may be used. 

[0023] a formula (IV) - setting - R12 - carbon numbers 1-4 - desirable - the shape of a straight chain 
and the letter of branching of 1-2 ~ desirable - straight chain-like an alkyl group or a fluorine 
substitution alkyl group - an alkyl group is expressed preferably As the example, a methyl group, an 
ethyl group, a propyl group, a butyl, a truffe RUORO ethyl group, a pentafluoro propyl group, a 
hexafluoro isopropyl machine, and a heptafluoro butyl are mentioned, for example. A methyl group and 
an ethyl group are desirable in these. R13 [ moreover, ] - carbon numbers 2-8 - desirable ~ the shape 
of a straight chain and the letter of branching of 2-3 - the alkylene machine of the shape of a straight 
chain of a carbon number 2 is expressed still more preferably As the example, ethylene, propylene 
machine, trimethylene machine, butylene machine, tetramethylen machine, 1, and 1 -dimethyl ethylene, a 
pentamethylene machine, 1 and 1, 2-trimethylethylene machine, a hexamethylene machine, a 
tetramethyl ethylene, a heptamethylene machine, an octamethylene machine, etc. are mentioned, for 
example. An ethylene is desirable in these. 

[0024] And R13 is an ethylene in the compound of a formula (IV), and the basis as which R12 is chosen 
from a methyl group, an ethyl group, and a truffe RUORO ethyl group is desirable. 
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EXAMPLE 

[Example] Hereafter, although an example explains this invention still more concretely, this invention is 
not restrained by these examples unless the summary is exceeded. In addition, the following methods 
estimated the performance and cell performance of the electrolytic solution. 

[0042] 1. Self-extinguishing evaluation of the electrolytic solution : the glass fiber filter paper of the 
shape of a strip of paper with width of face of 15mm, a length [ of 300mm ], and a thickness of 0.19mm 
was dipped in the beaker containing the electrolytic solution more than for 10 minutes, and the 
electrolytic solution was fully infiltrated into the glass fiber filter paper. Next, after removing the 
superfluous electrolytic solution adhering to the glass fiber filter paper on the edge of a beaker, it was 
hung to the perpendicular on both sides of the end of a glass fiber filter paper with a clip, the existence 
of the self-extinguishing in the state where heated for about 3 seconds with the small gas flame of 
writers, and the fire source was removed from this soffit and time until it extinguishes the fire was 
measured 

[0043] 2. Measurement of the conductivity of the electrolytic solution : the conductivity in 25 degrees C 
was measured using conductivity meter CM-30S and electric conductivity cell CG-51 IB by Toa 
Electronics, Ltd. 

[0044] 3. The measurement:<production of negative electrode> negative electrode of a cell charge-and- 
discharge property was produced as follows. To the carbon material as a negative-electrode active 
material, after having mixed the fluororesin as a binder by the ratio of the weight ratio 90:10, making the 
solvent (N-methyl pyrrolidone) distribute this and considering as a slurry, a double spread is carried out 
to the copper foil as a charge collector, it was dried, and the negative-electrode sheet was obtained. The 
obtained negative-electrode sheet was cut in width of face of 20mm, and length of 150mm, and it 
considered as the negative electrode. 

[0045] The production of positive electrode> positive electrode was produced as follows. Mixed the 
acetylene black as an electric conduction agent, and the fluororesin as a binder by the weight ratio 
90:5:5, and carry out the double spread of what N-methyl pyrrolidone was made to distribute this and 
was made into the slurry to the aluminum foil as a positive-electrode charge collector, the lithium cobalt 
oxide (LiCo02) as a positive active material was made to dry it, and the positive-electrode sheet was 
obtained. The obtained positive-electrode sheet was cut in width of face of 20mm, and length of 150mm, 
and it considered as the positive electrode. 

[0046] The electrode terminal was attached in the negative electrode which is the production of cell> 
above, and was made and obtained, and the positive electrode, respectively, it wound through the 
separator of a porous polypropylene film with a width of face [ of 25mm ], and a length of 200mm, and 
the element for cell charge-and-discharge characterization was produced. After holding this element in 
the sealing cell with an electrode terminal under dryness argon atmosphere and pouring in this 
nonaqueous electrolyte, the airtightness in a cell was held. Charge was performed by the 4.2V or 50mA 
constant-current constant-potential charge method, and when 8 hours passed, it considered as the end. 
Electric discharge was performed by the 10mA constant current, and when voltage amounted to 2.5V, it 
considered as the end. The charge-and-discharge property was measured by this charge-and-discharge 
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[0047] 4. After holding the element for cell charge-and-discharge characterization which is the 
measurement:<production of charge cell> above of the thermal stability (pyrolysis speed) of a cell, and 
was made and obtained in the sealing cell with an electrode terminal under dryness argon atmosphere 
and pouring in this nonaqueous electrolyte, the airtightness in a cell was held. Charge was performed by 
the 4.2V or 50mA constant-current constant-potential charge method, when 8 hours passed, it 
considered as the end, electric discharge was performed by the 10mA constant current, and when 
voltage amounted to 2.5V, it considered as the end. After repeating this charge-and-discharge cycle 
twice, it ended by 4.2V final voltage, and the cell element of a charge state was produced. Thus, the 
charge capacity of the produced cell element is about 50 mAh(s). 

[0048] Measurement of <measurement of cell thermal stability> cell thermal stability The charge cell 
element obtained as mentioned above under dryness argon atmosphere Hold in a predetermined high- 
pressure sealing cell (proof pressure of 105xl05Pa), and an elevated-temperature high-pressure 
calorimeter ( Radex-solo made from SYSTAG) is used. The exoergic speed in pyrolysis process and 
pressure-buildup speed of a cell when carrying out the temperature up of the 25-300-degree C 
temperature requirement by the programming rate 1 degree C/m were measured, and the thermal 
stability (pyrolysis speed) of a cell was measured. 

[0049] The solute and additive which are shown in the 1st table were dissolved in the non-drainage 
system mixed solvent shown in examples 1-11 and the example 1 of comparison - the 3 1st table, and 
solute concentration prepared the electrolytic solution of 1 mol/dm3. Next, the self-extinguishing (fire 
retardancy) and the conductivity of this electrolytic solution were measured. Furthermore, the cylindrical 
cell element which used LiCo02 for the positive active material for the artificial graphite was produced 
as a negative-electrode active material, and the thermal stability of charge-and-discharge capacity and a 
cell was measured using the electrolytic solution shown in the 1st table. The result is shown in the 1st 
table. Moreover, the result of the thermal stability (exoergic temperature and pressure variation) of 
drawing 1 and a charge cell element is shown for the result of the first time charge-and-discharge curve 
of the cylindrical cell element produced using the electrolytic solution of an example 1 in drawing 2 . 
[0050] In addition, the cable address of front Naka shows the following. 

GBL - trimethyl phosphate EDMP:phosphoric-acid dimethyl ethyl PDMP:phosphoric-acid dimethyl 

propyl BDMP: - a phosphoric acid - dimethyl butyl DEMP:phosphoric-acid diethyl methyl 

EEP :phosphoric-acid ethylene - ethyl VC :vinylene carbonate VEC :4-vinyl ethylene carbonate : - 

gamma-butyrolactone GVL : gamma- valerolactone ECL : epsilon-caprolactone EC : Ethylene-carbonate 

PC : Propylene-carbonate DEC : Diethyl carbonate TMP : [0051] 

[Table 1] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the first time charge-and-discharge curve of the cylindrical cell 
element manufactured using the electrolytic solution prepared in the example 1 . 
[Drawing 21 It is drawing showing the thermal stability of the cylindrical cell element manufactured 
using the electrolytic solution prepared in the example 1 . 

[Drawing 31 It is drawing showing the thermal stability of the cylindrical cell element manufactured 
using the electrolytic solution prepared in the example 1 . 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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